Introduction
In order to determine the impact of HIV prevention and care programs, it is essential to look at both HIV incidence and prevalence estimates and trends over time. We estimated the HIV incidence and prevalence and assessed the trend using data from three cross-sectional surveys of men who have sex with men (MSM) in two cities in Georgia.
Methods
Using respondent-driven sampling strategy, a total of 796 eligible MSM (18 years or older men with self-reported oral or anal sex with another man in past 12 months) were recruited in Tbilisi in 2010, 2012 and 2015 and 115 in Batumi 2015 into behavioral surveys and HIV testing. To estimate the HIV incidence, we divided the number MSM tested positive for HIV to the time at risk. We calculated the time at risk as years since age at first anal intercourse to the age at last HIV-negative test or the age at first HIV-positive test, accounted for the interval censorship. We calculated the respondent-driven sampling adjusted estimates for HIV prevalence and assessed the trend in Tbilisi by Chi2 test for trend. For HIV incidence rate, we used Kaplan Meier method to estimate the rates and assessed the subgroup differences by log-rank test.
Results
The HIV prevalence was 14.9% in Batumi in 2015; it significantly increased in Tbilisi from 6.2% in 2010 to 14.1% in 2012, and to 19.6% in 2015 (p-value for trend < 0.001). Likewise, the HIV incidence rate in Tbilisi significantly increased form 0. 
Introduction
Eastern Europe and Central Asia (EECA) is the home for 1.6 million people living with HIV. It is the only region in the world where the HIV epidemic continues to grow; 57% increase in annual new HIV infections between 2010 and 2015 [1] . HIV epidemic in Georgia, a country in EECA region, is concentrated among men who have sex with men (MSM) and people who inject drugs [2] Up to mid-February 2018, 6,882 (5,153 men) cases of HIV have been registered; the majority were 29-40 years old. Since 2016, the annual number of HIV registered cases have been increased continuously [3] . Injecting drug use was a primary HIV transmission route until 2012 [2] , after which sexual transmission became the leading route, reaching 51.5% of all cases in 2016 [4] . Number of cases most likely acquired via MSM-transmission also increased over time, now accounting for 16.8% of all cases identified in 2016 [4] . We estimate about 17,200 MSM live in Georgia [5] . Finding from MSM survey 2015 showed a high prevalence of unsafe sex among this population which did not improved since 2010. On average, MSM reported having 6 sexual partners per year. In 2015, condom use at last anal intercourse was reported by only 69.6% of MSM participants, while consistent condom use in all sexes in pat month was much less, around 30%. Proportion of MSM who were tested during the last 12 months and received their results increased from 15.8% in 2010 to 38.4% in 2015 in Tbilisi [6] , however still majority of MSM are not tested recently for HIV.
The Georgina HIV program provides services to MSM throughout the country via 11 centers (of which 3 located in Tbilisi, 3 in Batumi, 3 in Kutaisi, 1 in Zugdidi and 1 in Telavi). These services include condom and lubricant distribution, HIV and STI testing and counseling either on-site and also via outreach team at MSM hot spots. Yet the coverage of such services is very low; only 3,846 MSM (less than 23% of all MSM) received services in 2017. Since 2017, pilot pre-exposure prophylaxis (PrEP) program was started for 100 MSM in Tbilisi with a plan to expand it to other regions of the country. [7] .
To reliably assess the impact of the national response to HIV epidemic in MSM, it is crucial to monitor both HIV prevalence and incidence. Studies to measure HIV incidence require years of follow-up of a large group of negative MSM, which are expensive and most of the time not feasible. Using laboratory assays (that can measure biomarkers of recent infection) to measure HIV incidence are also not reliable in settings where HIV epidemic is only concentrated among key populations [2] . Thus, in this study we use a method proposed by Osmond et al. [8] to estimate the HIV incidence. This study aimed to estimate the prevalence and trend of HIV prevalence and incidence among MSM population in Georgia from 2010 to 2015. We also reported the HIV prevalence and incidence in subgroups of MSM defined by demographic and risk behavior characteristics are presented. 
Material and methods

Surveys and study population
Three Integrated Bio-Behavioral Surveys (IBBS) were carried out in Georgia in 2010, 2012 and 2015 among MSM using respondent-driven sampling as recruitment strategy. The first (Year: 2010; N = 278) and second (Year: 2012; N = 218) rounds were conducted only in Tbilisi and the third round was conducted in Tbilisi (Year: 2015; N 1 = 300) and Batumi (Year: 2015; N 2 = 115) [9] [10] [6] . The eligibility criteria were the same in all surveys: male aged 18 years and above, had oral or anal sex with men within the past 12 months, resided in Tbilisi or Batumi, ability to understand and communicate in Georgian language and provided informed consent [9, 10, 6] . Recruitment was started by several seeds (7 in 2010, 6 in 2013, and 9 in 2015) in Tbilisi and (8 in 2015) Batumi. The inclusion criteria for seed selection in all surveys was the same and similar to eligibility criteria for other survey participants (see above). We purposefully selected seeds from different subpopulations of MSM to represent the demographic profile and socially diverse MSM network (age, socio-economic status, occupation, education). After completing the survey, each seed was given three recruitment coupons and trained to use them to invite three eligible MSM peers to the study. Each coupon had a serial number, study location, information about the monetary incentive and a two weeks expiration date. MSM who referred to the study site with a valid recruitment coupon, first assessed for eligibility, and after providing the informed consent, were interviewed by trained interviewers. This process of peer referral was continued to reach the study sample size. Each participant was given a monetary incentive of 15 GEL (~9 USD) in 2010, 10 GEL (~6 USD) in 2013 and 25 GEL (~11 USD) in 2015 to participate in the survey. Additional incentive of 5 GEL (that was~3 USD in 2010 and 2013 and 2.25 USD in 2015) for every successful peer referral to the study [9, 10, 6] . Trained interviewers conducted face to face interview using an interviewer-administered electronic questionnaire. Following the completion of the behavioral questionnaire, participants were asked to voluntarily provide blood sample for HIV test. More than 97% of study population were agreed and provided blood sample in each survey. All blood samples were tested for HIV-Ab using an enzyme-linked immunosorbent assay (ELISA), and if positive, were confirmed by Western Blot HIV Blot 2.2, MP Biomedical on the same blood sample. All HIV tests were done at the Infectious Diseases, AIDS and Clinical Immunology Research Center laboratory [9, 10, 6] .
Subpopulations and main sexual behaviours covariates
Our standardized questionnaire for all surveys included sections for several questions on socio-demographic characteristics, drug use, sexual behavior including engagement in commercial sex, condoms and lubricants use, HIV knowledge, and use of prevention program including HIV testing. The survey questionnaires in both English and Georgian languages are accessible through 'Supporting Information'. In this paper, we analyzed the data for different subgroups of MSM as defined by age (�24, >24), education years (� 6, > 6 years), Marital status (Married, Single), drug use in past 12 months (no drug use, only non-injecting, injecting), and condom use in last intercourse with different types of partners (yes, no). Participants were asked about sexual relationship with different types of partners including occasional, commercial, and regular partners. An occasional partner was defined as a sex partner with whom sexual contact was established without exchange for material remuneration, for a short period of time, who is not a spouse, a regular partner, or a sex worker. A commercial partner was defined as a sex partner with whom sexual contact was established in exchange for material remuneration, meaning that they paid money or gave some other material remuneration to the partner. A regular sex partner was defined as when repeatedly uses sexual services of a particular person.
Defining time at risk and incidence rates
We calculated HIV incidence using the method suggested by Osmond et al. [8] . In this method, the number of HIV positive cases identified in each survey's round was considered as the numerator. The denominator, i.e. the person-years at risk for HIV were calculated by subtracting the age at the time of interview (for HIV-negative cases) or age at the time of first HIV positive test result (for HIV-positive cases) from the Age at First Anal Intercourse (AFAI).
HIV incidence rate ¼ Number of HIV positive cases Current age À Age at first anal intercourse � 100
The AFAI was not directly measured in MSM surveys. We imputed the AFAI using three methods. In method one, based on the literature review, [11] [12] [13] [14] we assumed that all participants had their first anal sex at age of 17 years old (i.e. AFAI = 17). In method two, using data from a cohort study of MSM in Australia, [13] we grouped participants into six age groups. Then, we assigned AFAI 16 to age group 18-20, AFAI 18 to age group 21-25, AFAI 20 to age group 26-35, AFAI 21 to age group 36-45, AFAI 22 to age group 46-55 and AFAI 35 to age group 56 and older. In method three, we assigned a random AFAI to all participants that was between age of 15 to 25 using a uniform distribution; The assigned age has to at least one-year less than the age of participant at the time of survey. The incidence was estimated by using all three methods. Since the trend results were similar, we presented findings from method one. In S1 Table, we presented the trend (sensitivity) analysis for method two and three.
Statistical analysis
We calculated HIV incidence rates (per 100 person-year) point estimates and 95% confidence intervals (95% CI) using Kaplan Meier method and then compared the results across the three survey rounds by log-rank test. Because a few records were missed for HIV test results, we calculated HIV prevalence only for MSM who had tested for HIV and their test results were available to us. To account for the effect of respondent-driven sampling (RDS) strategy, we used Gile's SS method to calculate the RDS-adjusted estimates using R [15] . All other analyses were done in STATA v. 
Results
Demographic and risk behaviors
About one-third of participants were 24 years old or younger; the median age was 27 to 29 years (Table 1 ). In 2015, more participants were single (89.6% in Tbilisi), had Georgian nationally (99.0% in Tbilisi), and less educated (54.0% in Tbilisi) than those participated in previous surveys. Notably only 2.3% of MSM in Tbilisi and 2.6% of MSM in Batumi reported drug injection during the last year in 2015. The prevalence of non-injecting and injecting drug use, condom use with male, regular or occasional male partner, number of sex with female partners and condom use with female partners was stable overtime in Tbilisi. More participants reported condom use at last sex with commercial male partner in recent years in Tbilisi (79.5% in 2015, p-value for trend 0.02). The median number of sexual partners in last 12 months increased from 4 to 6 persons in 2015 in Tbilisi, while it was 2 persons in Batumi. More participants reported recent HIV tests in survey 2015 in Tbilisi (70.6%, p-value for trend <0.001) and Batumi (79.7%).
HIV prevalence
In Tbilisi, the RDS-adjusted HIV prevalence significantly increased (p-value for trend <0.001) form 6.2% in 2010 to 14.1% in 2012, and to 19.6% in 2015 (Fig 1) . In Tbilisi (Table 2) Fig 1) ; it was significantly higher among MSM with lower level of education (24.6 vs. 10.4%, p-value 0.01) ( Table 2) .
HIV incidence
In Tbilisi, the HIV incidence rate (Fig 2) In Batumi, the overall HIV incidence rate was 1.37 per 100 person-years (Fig 1) , which was significantly higher among younger (p-value 0.008), and less educated MSM (p-value 0.03).
Discussion
Our findings indicated both prevalence and incidence of HIV have been increased since 2010 among men who have sex with men in Tbilisi, as well as a high HIV prevalence among MSM in Batumi in 2015. About one in five MSM in Georgia is infected with HIV and the rate of HIV infection is estimated as high as 1.63%. Crude estimates were calculated assuming simple random sampling as the recruitment strategy.
https://doi.org/10.1371/journal.pone.0214785.g001
Trend in HIV incidence among MSM in Georgia
Estimating HIV incidence is important to assess the effectiveness of prevention program by looking at the transmission rate of HIV. Using assay-derived recent infection testing algorithm over the period of 2010-12 on 1155 HIV cases at a referral center in Georgia, more than 20% were determined to be recent infections and the HIV incidence was estimated to be 0.10% to 0.12% [16] . We observed a much higher, 1.56% incidence rate among MSM, 15 times higher than the previously reported incidence. Such high incidence among MSM is concerning and needs to be addressed by Georgian HIV program. (25) 1 Only among participants who reported having sex with such kind of persons in the last 12 months.
There are some missing values regarding the HIV prevalence. (Table reflects calculation Epidemic of HIV among MSM is continues to expand in Tbilisi. In five years, the HIV prevalence increased from 6.2% to 19.6% and the HIV incidence increased from 0.45 to 1.63%. Such increases in the HIV prevalence and incidence remained the same and significant even after we adjusted the estimates for the effect of seed selection and RDS methodology. Continued expansion of HIV epidemics among MSM was also reported in other countries [17, 18] . Among MSM, HIV incidence was reported as 2.0% in England [19] , 5.9% in Thailand [20] , 6.7% in China [21] , and a range of 0.70 to 15.0% in Asia [20] . Similar to our findings, the highest increase in new HIV infection is happening among young MSM aged 15-24 years [22] .
While not statistically significant due to small sample size, we found in all three surveys in Tbilisi and the one in Batumi, MSM who reported sex with a female partner in last 12 months had a lower prevalence and risk of HIV infection than other MSM who exclusively had sex with men. Such MSM are likely to have less male partners, use condom more frequently, less likely to have receptive anal sex [23] ; they also might have more social support, less stigmatized for their MSM behaviors under the cover of marriage or heterosexual sex, [24] and may have better access to HIV prevention services.
We found that MSM who had a history of drug use or injection had less risk of HIV infection than other MSM. While this is not what we expected, it could be due to different drug use or injecting network that MSM who use/inject drug might be connected to. It is also likely that MSM who use/inject drugs have reached by current harm reduction programs in Georgia [25] than those MSM who do not use or inject drugs. This calls for expanding MSM-oriented services in the country as well as need for more research to understand MSM networks and links to other key population including people who use/inject drugs to inform both case findings and targeted interventions. https://doi.org/10.1371/journal.pone.0214785.g002 In Georgia, several bio-medical, structural and behavioral preventive interventions targeted high-risk populations including MSM are in place. Free condom and lubricant are being delivered by preventive centers and outreach activities, early HIV diagnosis is being promoted by providing free HIV testing and counselling throughout the country, among recent initiatives are PrEP. Surveys and program data show some improvements, however still unsafe sex is common and the coverage of prevention programs is extremely low [6] . Strategies to increase access to and use of current prevention services, as well as using innovative strategies is needed to truly change the trajectory of epidemic among MSM in Georgia.
Our findings have five major limitations. First, we estimated the HIV incidence using data from cross-sectional surveys of MSM. Second, we imputed the age at sex debut; however, in the sensitivity analysis we showed that it only changed our incidence estimates slightly and not affected the incidence trend analysis. Third, we assumed people remained at risk for HIV when they became sexually active; we did not exclude periods of stopping sexual activity or practicing safe. Fourth, our study was done only among MSM in two cities in Georgia and the findings may not be generalized to all regions and MSM subgroups in the country. Last, we were not able to measure the refusal rat for participation (i.e. proportion of those who were invited by a peer but did not participate in the study) and its effect on the study outcomes.
With acknowledgment of limitations, our findings suggest the continuous and high transmission of HIV among men who have sex in Tbilisi and a high prevalence of HIV among MSM in Batumi and the need for scaling up the coverage and accessibility of combination prevention packages including rapid HIV diagnosis and treatment.
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